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Summary 

The development of unconventional oil and natural gas resources using horizontal drilling and 
high-volume hydraulic fracturing has created new demand for wastewater disposal wells that 
inject waste fluids into deep geologic strata. Deep-well injection has long been the 
environmentally preferred method for managing produced brine and other wastewater associated 
with oil and gas production. However, an increasing concern in the United States is that injection 
of these fluids may be responsible for increasing rates of seismic activity. The number of 
earthquakes of magnitude 3.0 or greater in the central and eastern United States has increased 
dramatically since about 2009 from an average of approximately 20 per year between 1970 and 
2000 to over 100 per year in the period 2010-2013. Some of these earthquakes may be felt at the 
surface. For example, 20 earthquakes of magnitudes 4.0 to 4.8 have occurred in central Oklahoma 
since 2009. The largest earthquake in Oklahoma history (magnitude 5.6) occurred on November 
5, 2011, near Prague, causing damage to several structures nearby. Central and northern 
Oklahoma were seismically active regions before the recent increase in the volume of waste fluid 
injection through deep wells. However, the recent earthquake swarm does not seem to be due to 
typical, random changes in the rate of seismicity, according to the U.S. Geological Survey. 

The relationship between earthquake activity and the timing of injection, the amount and rate of 
waste fluid injected, and other factors are still uncertain and are current research topics. Despite 
increasing evidence linking some deep-well disposal activities with human-induced earthquakes, 
only a small fraction of the more than 30,000 U.S. wastewater disposal wells appears to be 
associated with damaging earthquakes. 

The potential for damaging earthquakes caused by hydraulic fracturing, as opposed to deep-well 
injection of wastewater from oil and gas activities, appears to be much smaller. Hydraulic 
fracturing intentionally creates fractures in rocks and induces microseismicity, mostly of less than 
magnitude 1.0 — too small to feel or cause damage. In a few cases, however, hydraulic fracturing 
has led directly to earthquakes larger than magnitude 2.0, including at sites in Oklahoma, Ohio, 
England, and Canada. 

The Environmental Protection Agency’s (EPA) Underground Injection Control (U1C) program 
under the Safe Drinking Water Act (SDWA) regulates the subsurface injection of fluids to protect 
underground drinking water sources. EPA has issued regulations for six classes of injection wells, 
including Class 11 wells used for oil and gas wastewater disposal and enhanced recovery. Most oil 
and gas states administer the Class 11 program. Although the SDWA does not address seismicity, 
EPA rules for certain well classes require evaluation of seismic risk. Such requirements do not 
apply to Class 11 wells; however, EPA has developed a framework for evaluating seismic risk 
when reviewing Class 11 permit applications in states where EPA administers this program. 

In 2011, in response to seismic events thought to be associated with wastewater disposal wells, 
EPA authorized a national technical work group to develop technical recommendations to address 
the risk of Class II disposal-induced seismicity. In February 2015, EPA issued a document 
outlining best practices for minimizing and managing such risks. How Congress shapes EPA or 
other agency efforts to address human-caused earthquakes may be an issue in the 114 th Congress. 

At the state level, several states have increased regulation and oversight of Class II disposal wells 
in response to induced seismicity concerns. In 2014, state oil and gas and groundwater protection 
agencies established a multi-state work group on injection wells and induced seismicity. 
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Introduction 

Human-induced earthquakes, also known as induced seismicity, are an increasing concern in 
regions of the United States where the produced fluids and wastewaters from oil and natural gas 
production activities are being injected into the subsurface through deep disposal wells. The 
immediate concern is that injection of these fluids into underground formations may be 
responsible for damaging earthquakes in regions that typically do not experience much seismic 
activity. Induced seismicity has garnered increased attention partly as a result of the rapid 
development of unconventional oil and gas resources using hydraulic fracturing (often referred to 
as fracking). Specifically, the use of high-volume hydraulic fracturing has contributed 
significantly to the volume of wastewater requiring disposal and has also created demand for 
disposal wells in new locations. It is important to distinguish between seismic activity possibly 
related to hydraulic fracturing itself and the possibility of human-induced earthquakes related to 
injecting fluids down disposal wells, which may not be located near where wells were fracked. 

Human activities have long been known to have induced earthquakes in some instances: 
impoundment of reservoirs, surface and underground mining, withdrawal of fluids such as oil and 
gas, and injection of fluids into subsurface formations. With the increase in the use of horizontal 
drilling and hydraulic fracturing to extract oil and gas from shale, and the concomitant increase in 
the amount of fluids that are injected for high-volume hydraulic fracturing and for disposal, there 
are several indications of a link between the injected fluids and unusual seismic activity. Figure 1 
illustrates conceptually the processes of deep-well injection and the linkage to triggering 
earthquakes. 

The principal seismic hazard that has emerged from the increased amount of oil and gas activity 
in the United States appears to be related to disposal of wastewater using deep-well injection in 
some regions of the country. For example, in a May 2, 2014, joint statement between the 
Oklahoma Geological Survey and the U.S. Geological Survey (USGS), researchers reported a 
50% increase in the rate of earthquakes in Oklahoma since 20 1 3 . 1 A USGS analysis of the rising 
trend suggested that a likely contributing factor was deep-well injection of oil-and-gas-related 
wastewater. 2 But the relationship between earthquake activity and the timing of injection, the 
amount and rate of fluid injected, and other factors are still uncertain and are current research 
topics. A 20 1 3 article that reviewed the current understanding of human-caused earthquakes noted 
that, of the more than 30,000 wastewater disposal wells classified by the Environmental 
Protection Agency (EPA) as Class II, 3 only a small fraction appears to be associated with 
damaging earthquakes. 4 

The potential for damaging earthquakes caused by hydraulic fracturing, as opposed to deep-well 
injection of wastewater from fracking and other oil and natural gas production, appears to be 



1 U.S. Geological Survey/Oklahoma Geological Survey joint statement, "Record Number of Oklahoma Tremors Raises 
Possibility of Damaging Earthquakes,” May 2, 2014, http://earthquake.usgs.gov/regional/ceus/products/ 
newsrelease_05022014.php. 

2 Ibid. 

3 EPA has established regulations for six classes of injection wells, including Class II wells used for the injection of 
fluids for enhanced oil and gas recovery and wastewater disposal. See section on “EPA Regulation of Underground 
Injection Activities” for more information. 

4 William L. Ellsworth, “Injection-Induced Earthquakes,” Science , vol. 341, July 12, 2013, http://www.sciencemag.org/ 
content/34 1 /6 1 42/ 1 225942 .foil . 
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much smaller. The 2013 review article indicated that the vast majority of wells used for hydraulic 
fracturing itself cause microearthquakes — the results of fracturing the rock to extract natural 
gas — which are typically too small to be felt or cause damage at the surface. The 2013 review 
documented a few cases where fracking caused detectable earthquakes felt at the surface, but 
these were too small to cause damage. 

This report reviews the current scientific understanding of induced seismicity, primarily in the 
context of Class 11 oil and gas wastewater disposal wells. The report also outlines the regulatory 
framework for these injection wells and identifies several federal and state initiatives responding 
to recent events of induced seismicity associated with Class 11 disposal. 



Figure I. Illustration of the Possible Relationship Between Deep-Well Injection 

and Induced Seismicity 




Source: North Carolina General Assembly, presentation by the Arkansas Oil and Gas Commission, Fayetteville 
Shale Overview, for the North Carolina Delegation, slide 33, prepared by Southwestern Energy, November 21, 2013, 
http://www.ncleg.net/documentsites/committees/BCCI-6576/20 1 3-20 1 4/5%20-%20Feb.%204.%2020 1 4/ 
Presentations%20and%20Handouts/Arkansas%20Site%20Visit%20Attachments/Att.%205%20- 
%20AOGC%20Presentation%20 1 1 -2 1 - 1 3%20%283%29.pdf. 



Notes: The figure is for illustrative purposes only and does not depict any specific location or geological 
formation. 



Congressional Interest 

How deep-well injection is linked to induced seismicity, and state and federal efforts to address 
that linkage, are of interest to Congress because of the potential implications to continued 
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development of unconventional oil and gas resources in the United States. If the current boom in 
onshore oil and gas production continues, then deep-well injection of waste fluids is likely to also 
continue and may increase in volume. Also, what Congress, the federal government, and the 
states do to address and mitigate possible human-caused earthquakes from deep-well injection of 
oil-and-gas-related fluids may provide some guidance for the injection and sequestration of 
carbon dioxide. Carbon dioxide sequestration would involve ongoing, long-term, high-volume, 
high-pressure injection via deep wells. Several large-scale injection experiments are currently 
underway; however, the relationship between long-term and high-volume carbon dioxide 
injection and induced earthquakes is not known. 

The federal Safe Drinking Water Act (SDWA) authorizes EPAto regulate underground injection 
activities to prevent endangerment of underground sources of drinking water. The SDWA does 
not address seismicity; however, EPA underground injection control (UIC) program regulations 
include seismicity-related siting and testing requirements for hazardous waste and carbon 
sequestration injection wells. Such requirements are not included in regulations governing oil and 
gas wastewater disposal (Class 11) wells, although regulators have the discretionary authority to 
add conditions to individual permits. In February 2015, EPA released a document outlining 
technical recommendations and best practices for minimizing and managing the impacts of 
induced seismicity from oil and gas wastewater disposal wells. 5 

In the 1 14 th Congress, no legislation has been introduced to address induced seismicity associated 
with oil and gas wastewater disposal or other injection activities. On March 18, 2015, the 
Fracturing Responsibility and Awareness of Chemicals Act (S. 785) was introduced in the Senate. 
Among other things, the bill would amend the SDWA to include the injection of fluids and 
proppants for hydraulic fracturing in the definition of underground injection for purposes of the 
SDWA. A similar bill, FI.R. 1482, was introduced in the Flouse on March 19. It is unclear how the 
legislation would affect EPA regulatory authority regarding the potential for induced seismicity 
from hydraulic fracturing, unless it could be shown that induced seismicity caused by the 
hydraulic fracturing process posed a threat to underground sources of drinking water. As 
discussed, the potential for damaging earthquakes caused by hydraulic fracturing, as opposed to 
deep-well injection of wastewater from oil and gas activities, appears to be much smaller. 

Current Scientific Understanding of 
Induced Seismicity in the United States 

Since about the 1920s, it has been kn own that pumping fluids in and out of Earth’s subsurface has 
the potential to cause earthquakes. 6 In addition, a wide range of other human activities have been 
known to cause earthquakes, including the filling of large reservoirs, mining, geothermal energy 
extraction, and others. 7 The mechanics of how human industrial activities may cause earthquakes 
are fairly well known: The human perturbation changes the amount of stress in Earth’s crust, and 
the forces that prevent faults from slipping become unequal. Once those forces are out of 



5 U.S. Environmental Protection Agency, Minimizing and Managing Potential Impacts of Injection-Induced Seismicity 
from Class II Disposal Wells: Practical Approaches, Underground Injection Control National Technical Workgroup, 
November 12, 2014 (released February 6, 2015), http://www.epa.gov/r5water/uic/ntwg/pdfs/induced-seismicity- 
201502.pdf. 

6 National Research Council (NRC), “Induced Seismicity Potential in Energy Technologies,” 2013, p. vii. 

7 Ellsworth, "Injection-Induced Earthquakes.” 
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